ABSTRACT Sucrose gradient centrifugation of heat-denatured RNA of turnip yellow mosaic virus permitted the isolation of five RNA classes with molecular weights ranging from 2.0 to 0.25 X 106. The infectivity was shown to be confined to an RNA molecule of molecular weight 2.0 X 106. No significant increase in infectivity was obtained by combination of the latter RNA with the RNA classes of smaller size. Translation in vitro of the RNAs of different size classes in a wheat germ cell-free system revealed that the infectious RNA (molecular weight 2.0 X 106) does not promote the synthesis of the coat protein of turnip yellow mosaic virus. Efficient production of this coat protein was found exclusively when the smallest RNA class (molecular weight 250,000) was used as a messenger. It is concluded that RNA molecules of turnip yellow mosaic virus of molecular weight 2.0 X 106 contain a closed coat protein cistron and that RNA molecules of molecular weight about 2 to 3 X 105 with an open coat protein cistron can be isolated from the virions.
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It is generally believed that the infectious RNA of turnip yellow mosaic virus (TYMV) consists of a single uninterrupted chain with a molecular weight (Mr) of 1.9 X 106 (1-4). A mild heat treatment of freshly prepared TYMV RNA, however, gives rise to a considerable amount of smaller RNA pieces (4) . It is assumed, therefore, that part of the virions contain RNA with one or more so-called "hidden breaks."
Various authors (1-4) observed occasionally discrete classes of smaller RNA molecules when denatured TYMV RNA was submitted to sedimentation in the ultracentrifuge. These molecules were ascribed to cleavage of the intact chain at specific sites, vulnerable to nucleases due to the secondary and/or tertiary structure of the RNA (3) . The occurrence of RNA subunits has also been envisaged (1, 2) .
We have been struck by the reproducible sedimentation pattern of heated TYMV RNA when centrifuged in sucrose gradients (4) . The latter technique permitted the separation and isolation of five RNA classes with Mr estimated at about 2.0, 1.3, 1.0, 0.5, and 0.25 X 106.
In the present study we have asked ourselves the question: Does all infectivity reside exclusively in the 2.0 X 106 Mr fraction as was reported earlier (1), or is optimal infectivity obtained by combining fractions? To the best of our knowledge the latter possibility has not been entertained, but it is certainly not excluded since the earlier results were obtained with poorly resolved fractions. Moreover, a number of plant viruses contain a divided genome (5) . The present data show, however, that infectivity is found in the highest size class of TYMV RNA and that no significant increase in infectivity is obtained by combining this RNA class with others. It may be concluded that all genetic information is present in TYMV RNA with a Mr 2.0 X 106.
When the latter RNA is used as a messenger for translation ,g/ml) was assayed for infectivity on half leaves of Chinese cabbage. The plants were grown in composted soil in a greenhouse under artificial light conditions. To obtain local lesions after inoculation with TYMV RNA it is essential to omit fertilizer and keep the plants under highpressure mercury lamps. Further optimalization occurs by keeping the plants in the dark 1 day before inoculation. After 5-6 days, local lesions were counted. A linear relationship between lesion number and amount of RNA tested was observed for the concentration range mentioned above. This infectivity assay will be described in more detail elsewhere.
Protein Synthesis in a Wheat Germ Cell-Free System. The preparation of the wheat germ cell-free extract was essentially the same as that described by Marcus et al. (10, 11) and Davies and Kaesberg (12) . Wheat germ (General Mills Inc., Vallejo, Calif.) was purified by flotation on a mixture of cyclohexane and carbon tetrachloride (13) . Dry embryos (1.0 g) were ground with sand (1.0 g) in a mortar in a total volume of 6.0 ml of 1 mM Mg acetate, 2 mM CaC12, 90 mM KCI, and 6 mM KHCO3. The embryos were initially ground in 2.0 ml, with 2.0-ml increments methionine (4 MuCi, specific activity 150 Ci/mmol), and 2.5 ,g of TYMV RNA. After incubation for 45 min at 300, trichloroacetic acid (7%) was added and the mixture was heated at 900 for 15 min. After cooling the mixture was passed through a GF/C filter, the filter was washed with trichloroacetic acid, 7% and the radioactivity was assayed.
Polyacrylamide Gel Electrophoresis of Biosynthetic Proteins. When labeled biosynthetic polypeptides were to be analyzed by polyacrylamide gel electrophoresis, the reaction mixture was further incubated for 15 min at 300 with RNase A (10 Mg/ml), TI RNase (3 units/ml), and 60 mM EDTA, followed by precipitation with 7% trichloroacetic acid. The pellet was washed with 7% trichloroacetic acid, precipitated with acetone, and dried. The pellet was taken up in sample buffer, and 20 ,l was applied to the gel. Analysis occurred on 12.5% sodium dodecyl sulfate slab gels essentially according to the procedure of Laemmli (14) . The (Fig. 2) . Based on the moving boundaries of Fig. 2a , sedimentation coefficients were computed for RNA I-V. Although the electrophoretic analysis reveals considerable heterogeneity (Fig. 2b) Fig.  2 ).
The infectivity of TYMV RNA was determined by counting local lesions on Chinese cabbage. Fig. 3 shows the infectivity distribution after one centrifugation, and Table 2 ). This was also observed when combinations of fractions from the sucrose gradient (Fig. 3) 16 ,gg/ml, which is the same when assayed separately.
These observations rule out the possibility that more than one RNA class is needed for a successful infection. The early claim (1) that all infectivity is confined to the fastest sedimenting RNA is confirmed. Apparently, this fraction, containing predominantly full length TYMV RNA, must be endowed with all the genetic information. Surprisingly, however, translation of this RNA in a cell-free system of wheat germ did not yield coat protein as one of the major biosynthetic products. This is illustrated in Fig. 4 , in which the biosynthetic polypeptides, as obtained with the various RNA classes as messenger, were analyzed by polyacrylamide gel electrophoresis in slab gels containing sodium dodecyl sulfate.
Recently Benicourt and Haenni (6) demonstrated that native, unfractionated TYMV RNA can thus be translated into a number of polypeptides, including coat protein, which even appeared as the predominant product. The latter was identified by fingerprint analysis and immunoprecipitation. Our electropherogram, illustrated in Fig. 4, track 2 , is essentially the same as that published by Benicourt and Haenni (6) . We also found the same optimal conditions in terms of K+ and Mg2+ concentrations for this in vitro system. The autoradiographs of the gels illustrated in Fig. 4 further show that no RNA of the fractions I-IV (tracks 3-6) acted as an efficient messenger for coat protein synthesis. Class V, however, yielded a heavy band in the position of the coat protein (track 7) as almost the sole product. The products obtained with RNA I are too numerous so that each cannot result from a separate cistron. Except for the coat protein, about the same products were found when unfractionated TYMV RNA was used as a messenger [in full agreement with Benicourt and Haenni (6) ]. It is possible that premature termination of large polypeptides occurs in the wheat germ system, but faulty recognition of initiation sites or aberrant proteolytic cleavage may also be envisaged. V invariably showed an incorporation that was 1.5-2.0 times higher (600,000 cpm). The radioactive products were analyzed on 12.5% polyacrylamide gel by the procedure of Laemmli (14) . Each sample (7) (19, 20) , which is readily translated into coat protein of tobacco mosaic virus by wheat germ ribosomes (18 
